<12) 



UK Patent Application ,«,GB ,,,,2 306464 ,,3, A 



(43) Date of A Publication 07.05^1997 



(21) Application No 9622249.2 

(22) Date of Filing 25.10.1996 - 



(30) Priority Data 
(31) 9521943 



(32) 26.iai995 (33) GB 



(71) Applicant(8) 

Untversity off Hertfordshire 

(liKwrporated in the United lOngdoml 

College Lene. >1atfield; Herts, AL1 0 9AB; ' 
United Kingdom ' ' ^ - ' 

(72) lnventor(s} ; i ; : \ - 

Paul Henry XeVe^ 

Mark Christopher Tracey 

(74) Agent and/or Address for Service 

Sommerville & Rushton 
, 45 Grosvenor Road, ST ALBANS, HerU , AL1 3AW, 

IJn^^ Kingdom 



(51) INTCL® 

G06K 19/06 // C07K 1/04 

(52) UK CL (Edition O ) , 

C3HHA3'HMH38p • 
G1BBAX 

UlSSl452Sl582iSl584 S2291 

(56) Documenu Cited * l 

GB 22^150 A GB1568^ A £P 0629989 A1 
US 4767206 A US 4390452 A, ; US 4063433 A ' 
J.Amer.Med.AftsOciatioh 1996,275(21),1624-1627 

(SSr Fii^ldTof Search' " ' ' ' ' " ' ' " ' ' 

UK CL (Edition O ) C3H HA3 HM , GIB BAX , G4H HJ 
iKrrCL^ C07K 1/04, G06K 1/12 19^^ ' 

ONUNE: WPI,CLAIMS,DIALOG/BI0TECH 



(54) Solid support particle msrfcod yvith a, machine-readable code for use in Combinatorial Chemistry: 
Techniques 

- * ' J^:■>: ■ . ''.i iir^^'v r'-^^l^'^ ' V . " ' 

(57) A solid support particle (preferably of silicon, silicon dioxide or a metal), adapted for use in 
Combinatorial Chemistry Techniques, is marked with a machine-readable code. The particle may comprise a 
first phase, on which the synthesis is performed, and a second phase having the machine-readable code 
Preferred particles comprise (i) a bi-layer structure, in which the first and second phases are surperimposed 
one n another; (ii) encapsulating the second phase, incorporating the code, within the first phase, thus 
permitting the whole outer surface to be used as a chemical support; or (iii) mechanically linking the twp 
phases, either wherein the second phase Is in the form of a wafer, incorporating an aperture, and the first 
phase extends through said aperture, such that a portion thereof exists on each side of the aperture; or 
wher in the second phase incorporates at least one barbed, or hook-like, protrusion, adapted to enpaqe the 
surface of the first phase. 

The first phase may be selected from porous silicates (especially controlled-pore glass) and polyitier 
resins (especially polystyrene, polyesters, polyacrylamides, poly(meth)acrylates and derivatives thereof). 

The machine-readable code may be a binary code and/or consist of at least one of the features selected 
from pits, holes, hollows, grooves or notches, or the code may reside in either the shape of the particle, 
including that of the second phase, if present. The code may be read optically and further incorporate an 
on ntation marker. A set of support particles, in which each particle of the set is marked with a unique code, is 
described. ; 

The particles may be used to synthesize combinatorial chemical compound libraries, including 
polypeptides, carbohydrates and other oligomeric compounds, or to characterise and deconvolute members 
of such a library. 
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Fig. 2 
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Particle comprises inert ccxjed tag held by or linked 
mechanically to the polymer bead within which cherr 
takes place y ^ 

possible fabncation options 
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HARPOON VELCRO 

(a variation of Harpoon) - 

Coded tags with 'hooks' 





Si wafer- 



Coded Tag fabricated with harpoon. 
^Onder turbulent mixing.tags 'capture' beads 
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Beads mechanically pressed onto wafer. 
Some captured by hooks 

Tags released from wafer each 
' carrying polymer bead. 
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Coded Particles for Process Sequence Tracking in 
Combinatorial Compound Library Preparation 
Field of the InvgnttPn 

This invention relates to particles which are individually and optipnaliy 
uniquely coded with a machine readable code. One particular application is in the 
field of Combinatorial Compound Library (CCL) synthesis wherein many compounds 
are synthesised on small supportirig particles or beads» ar\d rapidly screened for 
desired biological, phanrnacologrca[ or chemical activity. This application ii' giveri^^^^fe^^ 
way of illustration priiy and is in no vyay limiting. By using the code to identify and 
record precisely wfiich particles haye^yn^^ which chemical reactions, the 

particular process sequence by whip^jth^ firi^ compound on , each particle was 
produced may be ascertained/ ^ ; ■ ] ~ . ^ v ^ - ^^^ ^ 

Background to the; invention \ r, : b . 

In the continual Cquest to reduce research and developnjent;cQ?t^,:an^ to 
minimise the investment of resources into compounds which: may ultimately be 
unsuitable for 4hi& desired end-use. many industries suc^fWtt^^ 
^grochemical and biotechnological -industries are revolutionisihg rnany of their 
chemical compound synthesis processes. A specific area which has had a major 
impact oyer the past five years is that of combinatorial compoundllibraries (CCUs), 
a process whereby ensembles of molecular compounds are generated 
simultaneously (or in a rapid sequence of processes) by combining structural 
elements from a set of building block molecules onto a common template or 
scaffold, with highly parallel processing on the entir-ety of its components {Gorcton et 
al. J. Med. Chem., 1994, 37:1233-1251 and 1386-1401). The process allows GCL's 
containing vast numbers of "iigands" (library compounds or elements) to be created 
in relatively few discrete process steps, albeit with ^ach ligand present in minute 



- quantity.; By . exposing the library to a biological or chemical system of interest, 
compounds with specific, desired chemical or phamiacolbgicar activity may be 
expediently identified. Such activity may include for example inhibition or 
.stimulation of an enzyme or pharmacological receptor* the catalysis of a chemical 
5 process and the like. This technology > is particularly useful when used in 
conjunction with high throughput screens;. 

A prindpal nrie^^ may be synthesised is based upon the 

, use pf n^inute^^be the Jibraiy of compound^ may be 

. v. V , produced. , The.: und^dy+pg.: procedure, using sequential mixing, separation, and 
10 remixing of discrete .cpmppund-carrying. part was; proposed by Furka et al 
i> : ^ {Absjir. 14th, !nt. Gongr. Biochem: Prague. 1988. 5:47], The procedure typically 
utilises:a signifi^^ of small beads of diameter from a few tens of microns 

or le^s.s to a few hundreds jof microns or more which, act as.the supportinig matrices 
MPor^ wljich gprnppun^ place. The beads are 

15 typically of crosslinked polystyrene, polyamider sintered glass, or similar insoluble 
i ^ . materia^ and po5S^ess chemical t)0iiding srtes spreac^ t^ volume of the 

v beadSi The; procedure for handing 4he l)eads is shown sphernatically in Figure 1. 
, , . : Typically a suspen^iiorv pf beads,- 1, is separated into three separate parts. 2, 

c- each of which js then exposed to, a, specific rei^jgent, Al- A2. or A3 which becomes 
20u attached to the beads. The three suspensions of beads are then recombined within 
a single vessel and thoroughly mixed before .being vdivided once again into three 
i separate partsi each part containing a proportion of all three compound types. The 
; large number of l)eads. involved in the process- ensures that statistically the numbers 
. / of each type of compound in each vessel are approximately equal. The three 
25 suspensions are then further exposed to the same or different reagents 81. 82. or 
83. and this results, for example in compounds A1B1. A281, and A3B1 in the first 
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' vessel; A1B2, A2B2, and A3B2 in the s cond vessel; and AIB3. A2B3 and A3B3 In 
the third. The suspensions are then reniixed in a Single V^isse! and the process 
repeated. In this way, a substantial number of different compoundsi may be 
produced ih a' relatively small number of reaction steps. _ At^ the end of the 
processing the identity of the' compound(s) showing the desired properties mby 
subsequently be deduced. ^ * ; ' ^ : ; ; . 

A difficulty with this^"ohe comfiouhd perbiead'' pfocedure^^^^^ for nori- 

sequehceable ligandsVis that for each' discri^-'bea^^ piWts& history, or more 
specifically the exiact seiiuence bf reajgents td which it v/as ex^pse^ unknown. 
Krtbwiedge of this synthetic history, is vvery useful in Identifying, discoverirtg or so- 
called "deconvolutin^" the active cdmpouhd 'or cbmpounds frohi' a rembihatorial 
chemistry process:^ One method 6f generatinig this mformatibh is to f^^^ each 
synthesis step with in independent process wher^ih ^i to all 

the beads- in that parti&jldr vessel [Janda.^^^P^^ USA. 1994. 

91:10779-85]. Thr(kigh^ seriei^ of ^equentii^l cherhieiai steps, the tags are. built 
in parallel with the ligahds-so that at the end of the- process ^^^^^^ 
operations any particular bead has^ gone thfough^rhay be retra^ by separately 
analysing the tag * sequence.^ the first tags = tb be "empl6yed in ' this way were 
oligonucleotides and peptides [Brenner and Lerr^er, Proc. Natl. Adad: Sci. USA. 
1992. 89:5181-5183; Nikblaiev'et al. Peptide Res., 1993, 6:161-170; Needels et al, 
Proc. Natl- Acad. Sci.L-USA. 1993. 90:10700- 10704). A disadvantage of this 
procedure is that these are generally sensitive molecules Ayhich are unlikely to be 
able to.withstand some of the harsh reaction conditions (e.g.r strong actd. strong 
base etc) necessary for the preparation of a broad variety of ligdnds. Another 
disadvantage of this procedure is that they have rather liniited coding capacity. 

More recently a new class of comparatively inert ^ag molecules -has been 



developed in conjunction vyith a binary coding system whereih defined mixtures of 
tag components comprising a combination of haloaromatic and electrophone 
moieties are used to represent particular building blocks along with their position 
within a sequence (Ohtemeyer et al. Proc. Natl. Acad. Sci. USA, 1993, 90:10922- 
5 10926]. However, in addition to the problems that arise from the stability associated 
with chemical tags other important advantages are: the overtiead incurred in 
applying the tag at each process step; the overhead of chemically and/or 
analytically havjnp to analyse the tag from each, of potentially many, beads which 
displayslhe desired activity at the end of the process sequencey and the possibility 
1 0 of artefacts being produced within the tags or ligands by interaction between them. 

The present invention, by not relying on the use of chemical tags, 
overcomes, or mitigates, many of the above lirhitations. A systern has been devised 
for providing a desired numt>er of particles or solid supports, each with a 
permarient, machine-readable £X)de, which may be read "on-the^^ between 
15 process steps, thus allowing the process sequence, or audit trail, for each bead to 
be recorded. Alternatively, if the beads are separated into a multiwell container, for 
example a 96 well plate such as those routinely used in robotic systerins for 
screepingi cpmpounds in biojpjgical assays, the code may be read when the beads 
are stationary. , . . i . . ^ 

20 Summary of the Invention . . ^ , . 

According to the present invention, there is provided, a solid support particle 
adapted for use in Combinatorial Chemistry Techniques characterised in that the 
particle is marked with machine readable code. For the first time it is possible to 
track arid record a particle of support material as it proceeds through a complex 
25 synthetic route involving numerous optipns.. , 



WSDOCID: tGB 2306484A I > 



4 



Preferably the support particle comprises a first phase comprising a solid 
support suitable for use in Combinatorial Chemistry techniques and a second phase 
containing a machine readable code. This enables coded microparticle technology 
to be used in this context " ' ' 

5 Preferably, the particle has a bi-layer structure, the first and second phases 

being in the form of layers superimposed one on another, the two layers are 
therefore bonded together. " ^ ' ^ * ^ - ' 

Preferably the kecbrid phase incorporatirig the m^hihe readabFe code js 
substanfTally encapsulated within the first phasersubstantialfy^ outer 
i 0 surface'of the particle thus being free for use as a chemical supportf This increases 
the available area of the support. ' - ( 

Iri a further embodiment tfie t^^ ^ 

Preferably the second phase t^akes' the fonrn of a wafer incorporating an 
aperture and the first plia^e extends through said aperture such tKat 'a portion of the 
1 5 fij^t phase exists oh each side of the aperture! tke aperture and the wafer, 

fomnirig a so-called waste in the first phase thus tending to cause* the two phases to 
reiriain in rnechahical contact. ^ - ' 

Preferably the se&nd phase ihcorpo^^^ 
protmsions adapted to engage the surface of the first phase. This bin be likened to 
20 a miniature version of hook and loop fastening. : ^ - - ■ ^ 

Preferably the support on which chemical synthesis takes -place comprises 
one or more of the foliowihg materia^^^^ > . f ^ ^ - 

porous silicates, for example cbritrolfed pore giass;^^^p^^ 
for example polystyrene. pc>iy(su^stituted-styrehe), ' for example 
25 poly(halomethy!styrene). poly(hak)styrene), poly<aGetoxystyiehe); polyacrylamides, 
for example poly<acryloylsaFcosine methyl «ster); other polyesters, polyacrylates 
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and polymethacrylates; as well as derivatised versions of these resins, for example 
. polystyrene which,^ has been chloromethylated, or poly(aGryloylsarcosine methyl 
ester) wherein the ester has been saponified and the resultant acid derivatised with 
another moiety of utility in CCL synthesis, as well as optionally_cross-lihKed versions 
5 of these resins. 

. In a particulady prefeired; embo^^ is a 

binary code. However, other codes of higher bases can be used, including alpha- 
numerics, providingtheyare.m^ 

Pf^^^.i^sbly the/cqde:^^ one or more pf the following features: pits. 

10 holes, hollows, grooves onnotches or any cpmbinatipn thereof, i : 
^ t.. . !n alternative embodiment the code resides in the shape of the particle or 
the shape of the second phase where a second phase js present. 
V J: Preferably the machine readable- M readable optically. This enables 
, .jtechnplqgy.and eguipme^^^^^ 

15 . . :,RrefjBrably ythe particle-, further incorporates marker. This 

. results, in ^.increased reliate^^ by ensurirsg that the. code is always 

jinte^rpretedcprrectly.';^^ r. .: ^^j; r.\^ . : . 

: . f - .According, tp. a , se^ support partici s 

consisting, of particles asi descrit>ed above substantially each4^ in the set 

20 having a unique machine readable code. : ? . 

> : In a. stil! further, aspect of the ^invention (there is provided a Combinatorial 
- library prepared ; using the . above support - particles.- regardless of the chemical 
, . reactions or sequencesj.used to prepareisaid library. : - 

. The irivention also encompasses, a method of buildirig and deconvoluting a 
25 :.Gombin3tprial library comprising the steps of:- ^ 

. , - (i) providing a plurality or set of support particles of the type in question; 
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' (ii) suspending said particles in a fluid; 

(iii) dividing the fluid containing the particles into a plurality! of portions. 
V reading and recording the machine readable codes during or after the 

division process in order to track the niovement of sjJecifiG particfe^ into 
5 respective portionis; 

(iv) subjecting respective portions to specific che^ 

(v) recorhbining the respettive p^ , v , ^ ?j : v i 

(vi) repeating steps (iii), Ov) and M ais nece 

so as to create a compound libi^iary irt which substantidly e'aeh m'^^ the library 

10 is associated with orie of mor^^ istipport fwarticles'^ith a macWheVfe^'ddble arid 
> tracking data is availablie to identify the seqiience ^>f redclioriig experienced by 

substantially eabh support particle, ' ' ' ■ r -j:^ 0| Lv; ; ^ v : ; Vo - 
' ' There Is therefore provided a^ niultfplid^^ 

sized, solid support^ each labeffe^^ is 

15 machine-readable remotely during the h^d 5 ftukil c6ntdiriing the solid 

support; and each iah'arfged to support and- bariv a-ikequehce' of cbmp^^ 
introduced successively through the fluid in use whereby to buHd up a labelled 
compound^ libfary.. Preferably v the cOde fe readable bpticSllyi tHrt it \k envisaged that 
altemative forms could bemused, provided Ihey did not interfere chemfcally wKh the 

20 library compounds. v : - . • - 

The invention encomparsses a compound libraiy which in accordance with 
the invention is supported on the solid supports 'as* defined immediately above. It 
also provides a method of: building a compound library cuslhg solid supports as 
defined above comprising the steps of dividing af fluid containing the solid supports 

25 into portions, whilst reading the labels and tracking the movements of the solid 
supports into the respective portions, allowing the solki supports of each portron to 
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combin with ahd subsequently carry a different respective ^compound, and 
repeating the fluid division, tracking and combination steps 'at least once so as to 
create a compound library of which each member contains a machine-readable 
code which lean b6 used with the associated tracking information to identify the 
5 sequence of compound conibinatibhs 

k-; / irhe present invention thus prbvides a tnethod for the characterisation and 
: decorivolutidh of a cbnipound libriary, which method comprises (i) synthesising the 
libYiary oh' a plurality of s6lid s support having an 

• iridiviclual; madhihe-ffe^ ^oiripounds in a biological 

10 ; assay / (iiO' se^ library cbrnpounds of interest, and (iv) identifying such 

= compounds" By Vefetrencfe tb the code -on the associated solid support. 
^ Brief Description bflhl^ Drawings 

' ^ f - ' *Tlib^^^^ 6^^^ W further described; by- w of example only, with 

Tefererice toHha accorfip^ 
15 ^ - ■ Figure i illustrates di^^^^^^^ procedure for' handling beads in 

a Combinatorial Chemical synthesis sequence; " *^ 
^ ' ' > rF]gure *2 illust^^^ according to ai first aspect of th 

-present ihveritibh;' ""■ ' ^ ■ ■ " - - " ' 

" Figure' 3 illOstrateVcrbssnsectibhs of partiaiiy and fOliy encapsulated coded 
20 pairticles; ^ ' 

' ' Figure 4 iliustrates a code reading station; ' 
' Fijgui^Vs 5/6 a'rid 7 illusVate v^^ 

' - Delscription Wthe Prefer r^ 

^ ' '^^ Thi solid suppbrt which constitutes ' the first aspect of the invention 
25 conveniently comprises any suitable support material which is inert» that is to s:ay it 
is of a chemical composition which is not affected by the rigours of library synthesis 
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' ■ and testing to any relevant extent. Prefenred materials for the synthesis of CCL's 
according to the method of this invention are porous silicates,; for example 
controlled pore glass, polymeric resin^materials for example polystyrene; 
poly(substituted-styrene),-for example poly(halomethylstyrene), pDly(halostyrene), 
5 poly(acetoxystyrerie)^ polymery lamides, for- exampte 

ester); other polyesters, poiygcrylates and pojymethacrylates; as well as derivatised 
versions of these fesins, for example; ppl^^ 

or poiy(acryloylsarGosine methyj ester) wl^iereirhtbe ester i:)ai^:beei> saRpit»ified and 
the resultant acid deriyaUsedwith-another m of utility: jn ^^Gt syr>the^|s; as well 
10 as optionally Gross-linked versions of. th^se resin^. Jtie prope^^s for jsreparing 
these resins and derivatised versions thereof constitute furth^^ of the 

invention. Furthermore, the above list 15/ nptf liariiting and, is given, by way of 
: illustration only. Jt-provides exarp pies only of tte 

to the Applicant. Particulafly prefe^fjed^soljc^ WPRPII mateq^^^ according to the 
15 . method of this inyei^tior) are pplymejic resiB,Sf,,k>i4^urt|^ .^ ^olid supports will 

be apparent to the artisan of ordinary. ^kilL c, :.>.,p ^ i/ : ^ r v 
V\^at: is important irv 

or in part comprises some material, natural or synthetic, whiph is suitable for use in 
, the. chemistry used in Cprnbinatorial Chemistry techniques. This, includes materials 
20 not yet known or discovered. 

A further aspect of Ihis invjerition is ttiat. the, individual spjid supports each 
carry a machine-readable cod^ gs- desccibed .h Jh^.-solid supports are 

also conveniently in the form of partides,. prefer^blYtmicrppartrc^ longest 
dimension is between 1 and 500 microns. Of particular use In compound library 
25 synthesis, such as combine/mix/divide processes, are groups, pf as well as 
individual microparticles- 
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VWitst it would be possible to produce microparticles of a desired solid 
support material or polymer using appropriate micrornachining processes, and to 
mark these particles with ' identifiable codes, the physical deformation which 
polymeric suppoKs frequently experience during combinatorial chemical processes, 
coupled with the low optical opacity typical of the polymer materials employed, may 
hinder reading of the- codes ^ 

On the other hand'.' alternative solid support nriaterials. for example specially 
prepared porous silicon dioxide (glass) particles, which' also have utility in the 
syniht-sis' of 'cpitibiriat^^^^ libraries, can/ under specific growth 

conditiohs. be microrniacriined to produce particles which can be directly encoded in 
a manner analogous to that d^^^^ hereinbelow. However, the process for 

achieving such low densHy porous silicon dioxide that would be suitable for CCL 
^ synthesis is not presently well uhdefstobd and though certainly technically feiasible, 
siich particles' may not be regarded as an optimum enribbdiment of the invention. 
This enibodirhent is -illust^^^ . 

' - Figure 5 illustrates''^ Wafer-shiaped particle 20 at least bne flat surfac of 
which includes a series^ of machine readable dots 21. This arrangement has the 
advahtagfe 'that only a single Solid phase is required and there is no requirement for 
bonding to dissimilar materials. The particle may incorporate an orientation marker 
e.g, a coroner cut off, shaped groove or the iiki^ (not shown) to facilitate accurate 
reading of the code. • ' " ' 

' ' A- preferred ertibodiment of the invention conripri^es a microparticle whtoh 
' conveniently Consists of two distinct a soiid support material for library 

synthesis and the other a phase' containing a machine-readable code. A particularly 
preferred erribodiment of the invention encompasses a microparticle which 
comprises one or more of the polymeric solid support materials outlined above. 
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: .-att^ph^d .to, encapsulating, or othenvise; pennanently associated vwith a rigid, 
opaque, coded subparticie.. and which combines the desired properties of both the 
pplymeric. solid, support material and' the coded micropartide. This principle is 
Hlustrated in Figure 6. ..Such individually coded particles are then useful in 
combinatorial processes tp allow the tracking of each parjicle through the, various 
chemical processing steps, the particle cpdesi beirig.m^chinerread;pnAb<^fly' as t^ 
particles rnove from one process step tp;: another -,pr after - cpit^ of the 

screehirig process. . 

By syay. of non-limiting, example.?, ,:a <Je!|cript|qii)^,pf the.-subRartipre^ of the 
second phase yvbich constitute a further asp^c^ QUhe inveption . is gjyen;belpw; ^ < 
Code mai1<s may be applied to ,rigi|j rnaterials,sgch as, silicon, (siliconr dioxide, 
, or a (Tietal. using, the pro^^^^ ij!«teri;als earV then be 

further . rnicrpmachin^d into pattiples of deifined,Si?e.an^ 

offer the at^^'ltipnai.^dy^rj^a^e, o^ cases, 
chemical inertness. By way of exernplificatipn. it^Ija^^been ,?hoyyn,.by K^ye et. al- in 
the Journal of Aerosol Science Vpl. ?3. , |i £^2,^ that 
e>rtrerTie!y^ur)if9jnv particles, o silippn dioxide (gl£»ss) can bcr made using 

: =*f qf rnicrpmachining, Partielps niay- also be .Tnanufactured. from metals 

such , as.,aluminjum^ o^^ as well, as, ,po^arnide or ;,other polymeric or resin 

materials, f referred mateijals ^or the manufacture of subparticles, are silicon and 
silicon dioxide. The machining technology was developed^from.the microelectronics 
industry and u^gs . similar pro(^^sps of . de etching, to those used to 

mal<e microelectronic integrated .circuits. , The,,,manufacture of., such . particles 
involves typically:- the design of the, required particje geometry ;(or geometries) 
using computer aided design (CAD) tools; the manufaclpre . , of appropriate 
photolithographic masks which delineate the particle shapes; the deposit onto a 
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previously prepared silicon wafer substrate i.e. coated with a sacraficial layer and 
(typically 3, 4 or 8 inches in diameter) of a layer of, for exaniiple, silicon or silicon 
dioxide from which the particles will be made;, the costing of this layer with a 
photosensitive polymer resist which, upon uttraviDlet exposure through the 
5 photographic mask, defines the particle shapes; and finally the creation of the 
particles on the wafer; substrate by removing unexposed resist and etching away the 
revealed inter-^article areas of silicon or silicon dioxide. The particles may then be 
freed from the wafer substrate by dissolution of a sacrificial layer (typically mad of 
aluminium if the partictes are silicpn.pr silicon dioxide) which.underlies the particles. 
10^ Subparticles can designed to haye widths from a fe\y microns to greater than 
, . 100 microns and: thicknesseis u^ 

^Siicb is the acQuracy and high resolMtion of the CAD and photolithographic 
proc^s^es yvhich define the particle shapes, that it is possible additionally to design 
. the subparticle^^^^ 3. (see Fig. 2) to carry marks suph as etched^^^ holes, 4, 

.15 _ etched , pits, .5. or etched, gropyes, 6; which cortsjilute a ^unique ,cod typically in 
binary format.. The sulDparticte outlines can als^o be notched, 7, tO'indicate a code, 
and orientation marks,, 8„,can be included to prevent code misreading. This process 
is the - subjeqt ; of ^ separate paten^ application GB-At,. 22891 50; ; filed on 25 April 
, 1994 naming as inventors Kaye. R.R., Tracey, M,C. andjSordon, J. A. For the 
20 ^ avoidance of doubt the entire text of GB 2289150 is hereby imported by reference. 
This .^>rt apd , the asspciated d^^ are, intended; to be an integral part of this 

present application and the inventive, concepts herein described. A wafer substrate 
may thus be.etcbed by micromachining prpcesses to yield typically a million or more 
particle|S..each, if desired, carrying a different binary code. The microscopic code 
25 pn the particles may t^e interrogated and read using appropriate microscope-based 
image processing systems. By way of example, a; code containing just twenty 
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binary sites (pits, holes, dr similar devices) would alloW a million particles to t>e 
uniquely numberied from! 1 to 1,000,000. : ' ' ' 

Figures i3a and 3b ishow prefen-ed embodiment^ of the pol^ 
micromachined subpsirtides - the micropartibles of the invention; In Fig i 3a the 
polymer coating, 9. lis applied principally to onfe surface the upper surface of the 
micromachined subparticle as illustrated^ 3. to ^iv4 a biiayfer micropartid4: In Fig. 3b 
the subparticlei 3. is eiricapsiilated Within the 'p6lymer''(^ to a cored 

■ micrbparticlet' ■ ■ ' ■■■ . v. :d:.;:.v,;;-V'*: ;-:■;'!• f...^-:r 

A preferred, but non^limrtih^ mfethod of Vrtiidticing ^^ingie-'^urfaiie' coated 
microparticies is Sis-folloW^. The silicon or isilicon dioxide particl^^^^^ 
silicon wafer substrate of say 4 inches 'diameter 'as ;deWcriljed by' Xayfe 6t- al (vide 
supra). The particles are ; etched following exposure thrbugti" an appropriate 
-photdlithpgraphic mask such that each particle carries W uniijiib biniiVV; "ternary or 
other code Before the partifclWs ar^e released frbrir^^^ Wafbr '^Ubstraifb- (by the 
pi-ocess described by 'kiayb), 'ah additional la^^^^ 

across the entire Wdfer.' TKe thickness of the layW wijLjid typic^^^^^^ of 
10 to 30 iTiicfons. ' 1lie-l^ wbuid't>e deposited in a s'irhii¥ normal 
> phot6sensiti\re t>oiyrner photoresists which are routinejy us«l iri thb' micrbelfectronics 
and micromaehining teehnolbgibs. This Irivdlves ^jj^p^^ a ^hlck layer of the 
polymer (either rnolten polymer or a polymer thirinetJ with appropriate solvent) to the 
wafer rwhich is then spurt' 'at high speed about this' axis brtho'gbnal to its surface! 
The outward centrifugal flbw of the pblynrier results in uniform thirihing bf tKb" layer to 
the desired depth; Once- ■ hardened; the polymbr la^^^^^ further 
photoresist layer and this is exposed through an iadditibnal photolithographic mask 
to define discrete areas covering each of the boded micromachiH^d particles. The 
unexposed resist is subsequently removed by a photoresist-specific solvent. 
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exposing the inter-particle areas bf polymer layer which may then be removed by a 
suitable polymer dissolving solvent. The silicon, or silicon dioxide/polymer 
micrqparticles are finally rieleasfd from the wafer by dissolution of the sacrificial 
aluminium liayer underlying . them. 
5 Orie^ preferred, but nbn-jimiting, method pf producing fully polymer-coated 

microparticles. is as^follows. The coded micromachined silicon or silicon dioxide 
pai;ticle^s are freed from the. wafer in the manner descrilied by Kaye et. al. Thes 
subf^artiple^ are, then suspe^ a melt or . solution of the polymer to be applied 
_ ^ as a^ coating. The suspension is4hen. sprayed with suffident pressure through a fine 
^10. ^ orifice^ ^to- produce a^ droplet jet. ^ Under the connect:. fluid dynamic conditions, 
determined by . experimentation; th particles encapsulated in a 

layer, of polymer will be ejected; singly from Jhe orifice. , Up^^^ or 
hardening, the polymer coated, coded .microparticles rpay be separated from the 
^remainder by centrifugation in an aqueous suspension (the coded silicon particles 
1 5 . being prgreater density^^th^n^the polymer would cause the required coated particles 
;to precipitate below, the ^h^ suspension in an 

organic solveijit vyhich caused. Ihe p^^^ to swell; ..Ttje qpated . particles, though 
also exhibiting polymer svyelling, .would be; less buoyant than the .homogeneous 
. polyrner parUcles (which the surface of; the suspension) and would sink, 

,20 . facilitatingj. their removaLi i . : ,ui ? ^: r 

: - , A second preferred, but non-limiting method involves preformed silicon or 
i silicon .dioxide sub^ introduced into a. heterogeneous aqueous mixture 

of monomer precursors, for example styrene, halomethylstyrene, halostyrene, 
. acryloylsarcpsine methyl ^ster etc., or mixtures thereof, ralong with, optionally, 
25 crosslinking agents as well as such polymerisation catalysts and initiators as would 
be known to any person skilled in the art, such that, under controlled conditions of 
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emulsion pblymerisatibn, th polymer f6hns» ncapsuiates the" subparticles and 
generates the micropartifcies. The micropartictes are then recovered by filtration 
and vyash^d copiously to remove all by-products of the polymerisatibri' reaction. 

A particularly preferred material for the productiofi of coded subfyartictes is 
5 silicon because of its opacity at visible wavelengths and inertne 

used in the processes' of combinatorial qhemistry. Particulairty pirefeffed machine 
: ' readable codes canried by the subparticlesiare pi^ hbtbhes. or 

combinations thereof. The codes are also pref<^^^ is also 

particulady- preferreid that the subp^rtlcl^s'^ cS^ ■^ofm^^ i^ri^ 

10 orientation marking; for ekample one 6r more 'grooves' or holes; in'brd^r to render 
the micropartlcles non-symmetrical arid thus to assist the cbde^^^^ 

A further embodiment of this applrc^tiph cbmprise^ sUbpiirtJciek Which are 
derived from a noh-porous, rigid; inert rhate'rial^sUch as biiic^te (g^ which 
^ has t^en dejx^sitedr during'^ after prdductibril but'^b^ the 

15 polymeric solid stippbrt. a siiitable riumbis'r of iridiVidiiafl m;iteri^fe^SArRi6h can be 
altered by^ applkbatibn of ah extiSrriar^ example 
• electromagnetic radiatibn.' By Virtue- bf th^^^^i^^^^^ them by the 

particular istimiilus, these materials c&ri? by su^fkble r^douf of th^ cbsidu^il deposits, 
reveal the process sequences that those pbrticles?subparticies have Experienced. 
20 Non-limiting examples of such materials include fluores^ht and phosi^)hbrescent 
chemicals, Which can be selectively modified by light of a specific wavelength, and 
also detected by machine capable of detecting transmitted, refracted or reflected 
■\ light at one or rriany waveleriigths; ' - ■ ■ ^ ^ ^ ' 

Alternatively, the material deposited Within - the subpartlclev may'' not be 
25 modifiable. The information that such material can reveal would pertain to the very 
first process that the particular particle/subparticle had experienced. By way of non- 



15 

^^SDOC1D: <GB 2306464 A_t_> 



limiting example, if one or more heavy metals were to be incorporated into a glass 
subparticle such that each rnetal element or combination of metals were to be 

. , indicative of a particular building block to be added in the first stage of the 
combinatorial synthesis (for example, in Figure 1, copper might be the "tag" for 
5 building block 'A1*), then any active or intereistlhg ligand. as defined herein, which is 
asspeiatedvwith a bead thai by, for exarhple atomic absorption 

.spectroscopy, reveals copperto be present, can be inferred to havie ohgtnated from 

• the process; that snvolved the chemicai process aimed at introducing building block 

10 In another embodiment of the invention, the coded micropiarticle may b 

linked to thei appropriate polymer mechanically by a variety of methods. Numerous 
: .methods of fabrication of. such a. mechanically Tinked assembly are possible. In one 
method as illustrated: in Fig'L7a the polymer beads; are suspended in an appropriate 
, / liquid, ce.g. water: or a soJvent, and drawn by suction through an appropriately 
15 shaped hole in the.codedztag as shown. The tag is. released from the silicon wafer 
J as des;eribed previously^ ;V ■: "^-rli v;v -rfry-:,:] - 

In another method; I?[g: 7b, the coded tag is fabricated jn- such a way that a 
' : hook or harpoon is : incorporated. Under iu^^^ bead will 

^ become attached. In these methods it may be advantageous to^soften the polymer 
20 ; V. by exposure to solvent before carrying out these operations: ' > c - 

I In a further method as illustrated in Fig 7 c where the coded tag is still 
- • attached to a silicon' wafer, the poly iattached to the coded tag 

\ ^ . bearing one 'or mdre hooks' by mechanically pressing the beads against the tags 
. with an appropriate flat surfaced The tag is released from the silicon wafer as 
25 described previously. - ' - • - 
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In the methods 7a. 7b arid 7c d scribed above a 1:1 ratio of coded tag and 
polymer beatf resufts. In order to increase the surface area of polymer available for 
synthesis in CCL it would be possible to increase the number of polymer beads 
:attached to a coded tag by increasing the number of hole^ or hooks in the devices 
described above. t - /. .: ■ 

Figures 7b and 7c illustrate just tvyq possible methods by Which a support 
particle suitable for carrying out Gpmbinatorial: eh6m*stry Mrt^r^b^^^ 
linked to a coded particle. These methods are intended ag lllustratlbris only. This 
inventib^^- is intended to encompass all methods of mechahieial fixing, ^be they 
temporary or permanent v ^ : n u; ^r. • : • >^ ' a t ^ s 

For the first time it ba$' been possible to give support partic^les^ bf the type in 
question a unique code in order to follow, monitor; track and record the ^P^^ of 
' an individual partide through a complex sequence iof operations, ' ' 

The strength and meichanical stability of the link betvy^n^the fvtfo phases 
may be adjusted according to the desired conditi^priSt of use^ ' t^-M ' : 

The geometry of the coded phase will depenid on the--shape of the first 
phasjBi the nature;of the;coded information arnongM: other factors: ? 

, In a, particulariy: pr-eferred fembodimerit^^^ o^^^^^ coded 
micropartiQie possesses a unique^ code.- By this tneansta CCL of^ for exarhple. a 
million compounds can be represented by, a miHion unique coded microparticles 
using a binary code of 20 binary sites,, or a CCL of. for example, 100.000 elements 
can be represented by a miljion coded micrqparticteS; using a code- of:.20ibinary sites 
such that each compound is i represented, redundantiy.; ten lirnes:^^ key 
advantages , of, having many individually labelled. , discrete solid support particles at 
the outset of the CCL synthesis are. amongst others:- the avoidance of having to 
perform extra chemrcal steps at each stage of the chemical process - each code or 
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tag is present from the outset; the avoicfance of haying to analyse chemically the tag 
from each bead of interest - a simple reading of the solid state code containied 
within the microparticle by a process outlined hereinbelow immediately reveals the 
history of that particular bead; and the avoidance of any artefacts being produced 
5 within the tags or lig^ by interaction, between them - the code is inert and is 
carried^by an inert majeriaf. 

Jhe; process as exemplifi^^^^ above of fissigning a unique code to each and 
eyer/.prpcess path wijhin a. combinatorial chem thus by 

inference,^ , each. and, e^ compound that is, containedl^^^ 

10 CCL, combtn^^^^^ ability easily to read that code displayed by any solid 

support particle ^ both, durm^ chemical process sequence and after a defined 
selection process, is a particularly Jmportant and novel aspect of this invention. 

/ Furithermore, . the . OTmbinatorial compound, library rnay comprise any 
convenien!^ numl3^r -of^Jndiy^^^ members., for exarnple tens to; hundreds to 
15 thousands to millions etc., .of suitable compounds, 4or example p^ peptoids 
. and other oligqiTiert^ (cyclic or linear), and template-based molecules, 

for example bercpdiaze biaryls, polycyclic compou^^ (e g. 

. naphthalenes, phe^ amino 
acki^M^riyatiyes, dihydropyridines, benzhydfYlS; and heterpcycles (e.g.. triazines, 
.20 indoles eltc,). ^. The numbersj quoted and? the^ types of icompounds listed are 
Hlu^tr^tiye but pot limiting. , . ^ ; - . 

. The . compound Aibra compounds of low 

molecular weight and potential therapeutic agents. Such compounds are for 
, . jBxample ot iess than about ipQO daltons, -such as less than 800. 600 or 400 
25 daltons... . . ^ , v . . ' 
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Cpmbiriatorial Libraries are intended for testing in a variety of assays. The 
purpose Qf any assay is to test the"^ Ability of librajry etements or compounds to 
modulate activity in a test system of interest. •Particularly preferred, but in no way 
- limiting; are biological assays'; biological' systems ' an^ 

5 including high throughput screens. Convenient biologicals of 'interest include 
proteins such as enzymes, receptors, signalling sy^te'ms. rejxjrter gerws 
like. Suitable test systems will be apparent to the" ieierti&t' oif^^^ skill. Any 

convenient number of library c6mjk>uhds li^ay Be-f^fe SrB6gibbl;^ksay. 

' Synthesis of the coiTipburid library oh the ifAi^riiiiiarticfes-ln&'y any 
1 0 convenient nurtiber Of individbdf reactibh 'steps\" fcheirtidai libfaH^ oh a 

plurality of coded rrficroparticlfes as'liereihbefbrfe iiefin^d*^ 
furthei- and independertt Aspects of this ihverttiW^^ ' ' ' " • '< : . :.r 
• ' Furthenliore; the coded rhicroparticlbs &g" hef6in deibiibfedl form further and 
^nrtdependent; aspects of the irivehtbri. fn ordej^Vsatisfliitd^^^^ to Wbk^ particles 
15 through theWultl-sfage iarbces'^ing of corTjbjnatdnal-bh^rrtfstr^ it W H^c^ssaiV to be 
able to record' the' eode%6rTi each^pa'hidfe is'lF^Sg^^.-fffciraftb' r^actibh vessel to 
■another between' process ste^.-V^^^ the 
- ^ particles! and "observing tHeiiri' whilst statibrtary' ftis^ rn^crobcbp^' bashed image 
- capture and-prdcessing systenFi). the pi-eferired embodirhfeilt is fer the particle codes 
20 to be read ort-the-fly; Alternatively, if the beads are separated into a multiwbll 
container, for example a 96 well plate, such as usfed iri robotic sysferrVs used for 
screening compounds in bioldgicarassays. the -code m^y lie read when the beads 
are stationary."- - t^- ;<■■ "'' ^n^'- j,;:: -ov?: .'.::;n- 

Figure 4 shows an- embodiment of a code 'reading station. It comprises a 
25 capillary flow channel. 10. carrying in suspension the coded micrbparticles.' 3. 
between process steps, and a reading station. 11, whrch incorporates a microscope 
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obj ctfve lens system and which is capabl of acquiring an imagje or images of ach 
particle as it traverses the reading station. Each image may then be processed 
, ; electronically by a, computing system* 13, to identify the code. The desired particle 
flow may be achieved by. applying over-pressure to the upstream reaction vessel/ by 
( 5 . manual pipetting, or by some other technique. At one point the flovif passes through 
a transparent channel, 10, whose dirnensions are such thait the particles tend to 
align in single Ti!e as they oass through the channel. . This type of particle trajectory 
, i^control may; be ^achieved^simply by ■ appropriate :Channe! design, although the use of 
\ , laminarjflpw focusing. used in flpw-cytometers io align^ in 

10. . Jiquid flow) ,w,ould bis; preferred.. ; Furthermore, by designing the particles to have a 
reasonably: hi^ aspect ratio^ of length to width .(typically 5:1), the particles can b 
. J. made . to -travel along the. .channel with their long axis preferentially aligned with the 
,axisf :,ot flow, -thus fadl^^^^ the /codes: -i^.Hence. a particulariy 

preferred embodiment.of the invention rencompasses:^^^ with a 

J5 sjuitable. aspect ratio. ofJength to width of . between 3^1 and 10:1:^ By way of non- 
limiting example, a/1ozenge"-sh9ped rpicrppar^^ microns length would 

; , preferably, possess l^tween ,15 and 50 m and one of 

, , 300 microns length.; a width pf between ,30 and 400, microns; i : 

- iu . The axial rotation of, each individual, particle ;is more difficult to control and 
20 I therefore the coderreading station, 11. imust be capable of observing the particle 

- ( fr^"^ several directions simultaneously. This could: be achieved either by the use of 

mirrors at.either side of, the, channel reflecting images to a single objective lens 
. system, -or preferablyv by the- use .of four o arranged objective lens 

imaging .systems (see Fig.4>. The image(s) ;of the particle may be captured via a 
25 V microscope objective lens .system by conventional miniature charge-coupled-device 
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(CCD) cameras 12V particularly jp^^ is monochromatk:' illurnination from, for 
example, a diode laiser. which may improve the contrast ratio in the acquired Image. 

The captured image{s) from each particle may then be prts^ssed by a 
dedicated computing system, 13, using either ' conventional commercial image 
processing software such as Optimas (tM) or Visilpg (tiCl); or preferably^edicated 
custom software • which could be programrtied to^ provide^ desirabl^ speed 
advantages. The processing would^ deduce the ^brieritaffon bf^* particle and 
ascertain the positions of the code marks' 6#the partldef From ^is.'^ 
code would be deteWriilied ^rid ifetbrd^d;' - -Wfth xii^^ 

processing power/particle cbdes would' be read at m ratbi* tff tv^icaily 56 to 

100 per second. This rafte' will be dispendfehf bii Vhe partfe^tiiarr^^^^a^^^^^ and 
technology available. The use of l^o readrrig stat 

would allow checking of code data and minimfse the r^isreSd codes 

due to partible coihdderiees within the rtiea^ure o J T ^ i - v ^ 

For^the encapsulated particle types, it is?mpcJfta¥it th^t tJnfe pblyme^'coatlrig 
is::sufficiently transparent foir^ the eode^^^^^ be sucd^sYully^ read. Most 

polymers are tr^hsfueent father' than ' transpar'ehf a Visible wax^felehgths, and 
therefore the thlckhess bfihe coating shbu fee such'tll^t the io^fe intermation 
is unreadable: r Preferred polymer thicknesses a 50 microns. 

Particularly fjrefenred thicknesses are betv^h By way 'of ribh- 

limiting example, an opticSiHy' acceptable thickness of 15 microns' would, when 
coating^a:silicon particle of,Jf6r exatnplle, 120 tni<*ons x 25 rtiibrons x^llO- microns in 
size, constitute a total pqlynier volume equivalent to that of a 130 mic^^^ 
solid polymer bead, and woiild -be quite suitable 'for use' in cdmbiriatOTiar chemistry. 
The code information recorded at each of many reading stations afrahged t^tween 
the chemical process vessels would be collated on a central computer system and 
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be available for inferrogation to ascertain the specific route _ each coded 
microparticle had taken through the reaction processes. 

It will be appreciated that the methods, materials and techriiqueis described 
above can be applied in other situations where tt is required to monitor an individual 
5v item through a compter v ^ 
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Claims -'-i' ^ ■..-::* ^ ' ■ 

1. A solid support particle adapted for use in Combinatorial Chemfetry 
Techniciues characterised in that the particle is 'rnarked with machine readable 
:code. - . ■ ^ !.r ' r. 

5 2. A support particle as claimed^ in Claim 1 whferein the^ support^ partjcle 
comprises a first phase comprising a solid support suitable for use in Gombinatprial 
Chemistry techniques and a second phase containing a machine readable code. 

3. A support particle as claimed in Claim 2 wherein the particle has a biHayer 
stmcture, the first and second phases being in the form of layers-superimposed one 

10 on another. 

4. A support particle as claimed in Claim 2 wherein the second phase 
incorporating the machine readable code is substantially encapsulated within the 
first phase, substantially the whole outer surface of the particle thus being free for 
use as a chemical support. 

15 5. A support particle as claimed in Claim 2 wherein the two phases are 
mechanically linked. 

6. A support particle according to Claim 5 wherein the second phase takes the 
fonr) of a wafer incorporating an aperture and the first phase extends through said 
aperture such that a portion of the first phase exists on each side of the aperture, 

20 the aperture and therefore the wafer, forming a so-called waste in the first phase 
thus tending to cause the two phases to remain in mechanrcai contact. 

7. A support particle as claimed in Claim 5 wherein the second phase 
incorporates one or more barbed or hook like protnjsions adapted to engage the 
surface of the first phase. 
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, 8. A support particle as claimed in any preceding Claim wherein the support on 
which chemical synthesis takes place comprises one or more of the following 
materials:- j- 

porous silicates, for example controlled pore glass; polymeric resin materials 
5 for example polystyrene. poly(substituted-styrene), for example 
, , poly(halomethylstyrene)r pply(haiostyrene), pply(acetoxystyrene); poly^crylamides. 

for example poly{acryloylsarcosine methyl ester); other polyesters, polyacrylates 
V and pplymethacrylates; as. well as derivatised versions of thes^ resins, for example 
polystyrene which has been chloromethylated. or poly (aery loy^lsarcosine methyl 
10 ester) wherein the ester has been saponified and the resultant acid derivatised with 
... another moiety of utility in pGL synthesis, as well as optionally cross-linked versions 

-c of these resins.. V .1 : - - v ' 

,9. .: ■ A support particle as claimed Jr) any. preceding Claim wherein the machine- 
readable code is a binary code. i s * 
15 10. A support particle asr claimedi in any preceding .Claim wherein the code 
consists of one or more of the, fpllpwing fjeaturfgs: . pits, holes, hollows, grooves or 
notches or any combination thereof ■ o < , i 
"1 , A support particle as claimed in any of Claims 1 - 8 wherein the code resides 
v in the shape of the particle' or the shape of the second phase where a second phase 
20 J is presents r . l: --r-.- ■: . ^'^ •■ -.v': ::• '.' 

12. A support particle as claimed in any preceding Claim wherein the machine 
readable code is readable optically. • ■ : c ^ 

13. A support particle as claimed in any preceding Claim wherein the particle 
JurtheFrjncorporates an orientation marker. 

, 25 ^ 14, A set of support particles consisting of particles as claimed in any preceding 
claim, substantially each particle in the set having a unique machine readable code. 
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15. - ' A support particle substantially as hefrein described with reference to and as 
illustrated in' any combmation of the acconnpanying draWin^^ . ; . 

16. A Combinatorial library prepared using support particles according to any 
preceding Gfaim. - regardless of the chemical reactions or sequenTC^ to 

5 prepare said library. . ^ \ r ; ■ v 

17. A method of building and decbnvolirtiHg' a C^^^ library/ cbrhprising 
'-the steps 6f>. ' ' ^fc-jv- ^-z; ::.:'^^^ay... 

(i) providing a Jplur&lity or set of siippdW pai^ideis^xbrii^ of 
■ ■■■ ^'"•■aaims■1'-i5Jhclus^Ve^/ 'y^''' ■ • -i^ da< '^-:rr:'\'~'''^r/''iU\i \ 
\0 . . (ii) suspending said partictes in a -fluid: ^ 
' 0") dividing the fluid c6ntaming*the ji^rtid^^ 

reading and recording the machine readable codes during br after the 
■ : ^ division prdcess^' in G^^^ to trafck the n?»dven1enf^ oF^p^^ particles into 
respective portions; ; i ^^bc;:: Li: :v ; ; 

^ ^ ' (*^) subjec^tihg r^specitivfe portions to specifld-cHerriical reactions; ' 

(v) ^ recbnlbiningthe respfectiv^ portioris^^ ^ ' ^ - ^ r > : ^f ;M.> 

(vi) repeating steps (iii). (iv) and 1[v>^s^hgadssary;"^ ; ' ^ >J ■ 

: ■ so as to create *a compound library^ m^which eaeh mehibfer^of the library is 
associated withi one or more support particles with a machine readable ■ Code and 
20 traclcing data is available to identify the sequence of reactions experienced by 
: substantially each support particle: m.^ - i ;c;^v:: 

18. A method for the characterisation and deconvolution^ of d'<:6mpb library 
comprising the steps=of>. iv vv, - n . •^ ;.; r -^ii" A 

(i) synthesising a compound library on a plurality bt" solid supports, 
25 substantially each- solid support having an individual; machine-readable 

'Code; , . - t 
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(ii) testing said library of compounds in a biological assay; 

(iii) selecting library compounds of interest; and 

^ (iv) identifying such compoundis by reference to the code on the 
0 ^ associated solid support. ? . 

5. 19. A set of support particles substantially as herein deserit)ed with refereince to 
and as illustrated in any combination of. the accompanying drawings. 
: 20. A Combinatorial with reference to 

; ru : and as illustrated in any combination of the accompanying drawirtgs. 

21. A method of building and deconvoluting a Combinatorial Chemical library 
-10 substantially as herein^ dtiscribed with reference ;to and as illustrated in any 
, I . combination, of the accompanying drawings. 
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Am ndm nt8 to th claims hav b n f 11 d as follows 

Claims 

1. A solid support partide when used in Cdmbinatoriat Chemistry 
Techniques characterised in that the particle is marked with machine readable 
code. ^ 

2. A support particle as claimed in Claim: 1 wherein the support particle 
comprises a first phase comprising a solid support suitable for lise in Combinatorial 
Chemistry techniques and a second pliase containing a machihe^ r 

3. ■' ' A support particle as claimed in Claim 2; wherein the^partible has a bi-layer 
structure, the first and second phases bedng in tfie forprirof ilay^rs's^ 

- -onanothen; ^ : u >'.v!o-^..r: ^ : rtr'l:ly. ; J:on;Lrn ^ n"' ^ 

4. A support particle as clairned in ClainJiJ Z^wherein the second phase 
incorporating the machine readable code :js substantially encapsulated within the v 
first phase, substantially the whole outer surface of the particle thus being free for 
use as a chemical support. 

5. A support particle as claimed in Claim 2 wherein the two phases are 
mechanically linked. 

6. A support particle according to Claim 5 wherein the second phase takes the 
form of a wafer incorporating an aperture and the first phase extends through said 
aperture such that a portion of the first phase exists on each side of the aperture, 
the aperture and therefore the wafer, forming a so-called waste in the first phase 
thus tending to cause the two phases to remain in mechanical contact. 

7. A support particle as claimed in Claim 5 wherein the second phase 
incorporates one or more bariDed or hook like protrusions adapted to engage the 
surface of the first phase. 
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8. . A support particle as claimed in any pr ceding Claim wherein the support on 
which chemical synthesis takes place comprises one or more of the following 
materials:- . 

porous silicates, for example controlled pore glass; polymeric resin materials 
5 for example polystyrene, poly(substituted-;Styrene). for example 
poly(halome5thylstyrene), poly(halostyrene), poly(apetoxystyrene); polyacrylamides, 
for exarnple j>olir(acrylo^^^ methyl ester); other polyesters, polyacrylates 

and polymethacrylates; as wejl as derivatised versions of these resins, for example 
polystyreiie which has been (*ilpromethy^^ or poly{?|cryloylsarcosine methyl 
10 ester) wherein th^ 

another moiety of utility in Combinatorial Chemistry Library synthesis, as well as 
pptipnally cross-Jiriked versions of these resins. 

; 9. A support particle as claimed in any preceding Claim wherein the machine- 
readable cpde is a bf,nary cpde./ . . : ■ . i 
15 10. A support particle as claimed in any prece^ding^ Claim whereiri the code 
consists of one or more, of the following features: pits, holes, hollows, grooves or 
notches or any combination thereof. ; 
11 A support particle asxiaimed in any of Claims 1 - 8 wherein.the code resid s 
. in the shape of the particle pr the^shap)^ of the. second phase \yhere a second phase 
20. ispresfot.,, • , ; ; , , 

12. . „ A support particle as clairned in any preceding Claim wherein the machine 
readable, code. is readable optically. , . . , ^ , 

13, A support. particle,,as claimed in any preceding Claim wherein the particle 
, further incorporates an prient^^^ ^ , . t 

25 14. A set of support particles consisting of particles as claimed in any preceding 
claim, substantially each particle in the set having a unique machine readable code. 



\6. A support partide when used in Combinatorial Gh mistry Teohhiques 
substantially as herein clescrit)ed with reference to and as illustrated In any 
combination of Figures 2 - 7 inclusive. 

16. A Combinatorial Chemistry solid support particle chai^cterised in that the 
5 particle is marked With nriachine readable CG^ \ 

17. A support particle as claimed iri Claim 16 wherein the suppcirt parties 
comprises a first phase cornprising a solid support siiitatle for uise in (i^mbinatorial 
Chemistry techniques and a second phas^ 

18. A support particle as claimed in Claim 17 wherein the parti^^^^^ 

10 structure, the first arid second phases feing - in the foriri of ^aye^ one 

. .on-anothter.'" / " ' ''-''"'^'^'^ -^-^ -''^^'^^^^ -.a.- - 

19. A support particle as claimed in Clairii 17^^ ^^^^^^ phase 
incorporating the machiri^ readable code is substantially enM withjn the 
first phase, substantially the whole outer surface of thie i^^ for 

■■■'15 "^use'as a chemical- suppbrt^/^ ?/";'r;n^ - ■ 

iO. A support particle ""as blai^ri^d irr are 
mechanically linked. ^ n - : V / rr? < 

21. A siipport pafticief accbrdiHg 'to' Claim^^& wh^^^^ the seTOhd phase takes 
the form bf ^ w^feHiiiicbi^fdting ^ ia^rturfe i&rlia ^K^'h^^^ eit^nds through 

20 said aperture such that a portion of the first phase exists on each side of the 
aperture, the aperture and therefore the wafer/fdrriiirig^d^ ^6-fcalled waste in the first 
phase thus tending to cause the two phases tib rernain in 'mech^ 

22. A support particte ^s claimed in Claim" 2b' whiefei^ second phase 
incorporates one or more barbed or Hook lite' prbtaJsionjs 'a^ the 

25 surface of the first phase. : . ^ - f - ' - v . i :r 
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23. A support particle as clairr)ed in any of Claims 16 to 22 inciusive wherein the 
support on which chemical synthesis . tak s place comprises one or more of the 
following rnaterials:- 

; porous silicates, for example controlled pore glass; polynrieric resin materials 

^5 .for example polystyrene; poiy(substituted-styrene}, for example 
poly(hajomethylstyrene), poly(halostyrene), poly(acetoxystyrene); polyacrylamides, 
, for exarripfe poly(acrylbylsarcosine m^^^ other polyesters, poly aery lates 

, and pplymethacryiates;^^ well as derivatised versions of these resins^ for example 
polystyrene which has been chloromethylated, or poly(aGryloylsarcosine methyl 
-10 , ester) iWh^rein t^^^^ and the resultant acid derivatised with 

another moiety of utility in Combinatorial Chemistry Library synthesis, as well as 
. qptionally^cross-linkod >ve^^^ 

24. A support particle as claimed in any of Clairiis'ie to 23 inclusive wherein the 
machine-readable code Is a binary code. V : * 

IS., V 25. , v,A support, particle .'as claimisd. in any Claims 16 to 23 inclusive wherein the 
. c^ode cprjirrists :Cf:pne or nrtore of the following features: pits, holes, hollows, grooves 
. ' : r ; pr notches or any combination the! eol • ' > " ^- ' 

26. A support particle as claimed in any of Claims 16 to 23 wherein the code 
resides i in, the .shspe : of lhe^part^cle!'o^ phase where a 

20 second phase is present. : e ^ ' * r ■ - ' ' 

27. A support particle as claimed in any bf Ciairhs' 16 to 23 wherein the machine 
. r:eadable code is readable optically. ' , ;oc, ~ 

: 28. ; Aisupport particle as clairiiied in any of Claims 16 to 27 wherein the particle 
/ Jurther incorporates an orientation marker; ' 
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29.. A set of support particles consisting of particles as claimed In any of Claims 
.16 to 28,. substantially each particle in the set having a unique machine leadable 
code. ; 

30. ^ A Combinatorial Chemistry solid support particle substaritlally as herein 
described with reference to and as illustrated in any combination of Figures 2 - 7 

^inclusive.:;;--,-, . ; ./ ; ,,■ .• ~>^,i r^yxA ■■■ 

r31. A Combinatorial library prepared using support jiartlcleS accordirig to any 
prepeding Claim, regardless of the vcheitiicial reactiohs^'w^ to 
. prepare, said library...; . d? .. ■r,-?!;;-; r-yi.-. pns:iiVi;-;v:> o . 

.32, A rnethod of byildingaand deconvolutirig a CombiBatoHa|V|ibra6>^c6mprising 
the_stepsof:-. V .,,7,-:. •.■•.-..■;•.?■;■ ' -j' -.i .fit y-i \i^'^':y%. ■-^i.-y.-nx ■,,-}:\r. ■ 

(i) providing a plurality or set; of supjjort pafrtictefebaccbrdihg'^ib any of 
. ",:Claim5 I -,;30 inclusive;- - : ^\^:r;rj- r'sVi:-! 

(ii) suspending said particleis in a fluid; :? j - : : ! m! 

. ; (iii) dividing the fluid containing the - particles into ai plurality of portibhs. 
reading and, ^e.cpi:dirigt.the hrachiner loadable codes diking o^ af^^ the 
division process in order to track the ^movement of speeifib particles into ' 
, -.respective portions;. ,.n;- ,-, r-..^ :■ -io.i^- rq;.''-. 
'■ '-i r: Oy> .. .subjecting respective:,portion*to;spedific chemicai:-feadlohs: ' 

(v) recombining the respective portions; . . ;;3n ' ? ^ T 

. (yi) ^®P^at'r9?steps (iilj..(iy) and (v) as necessary; ; : 
so as to create a compound library in which «ach member -<,f . the- library is 
associated with ope or iT»ore. support particles with. a. 'maphine. readable code and 
tracking data is available to identify the sequence . of rreadions experiericed by 
substantially each support particle. 
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33. A m thod for the characterisation and decdnvblution of a compound library 
comprising the steps of > 

(i) synthesising a compound library on a .plurality of solid supports, 
substantially each solid support having an individual, machine-readable 

5 code; 

(ii) testing said library of compounds in a biolbgica! assay; 

(iii) selecting library compounds of interest; and 

^ Xiy) : ideritifying such. ^ compoun by referenpe to the code on the 
associated solid^s^upport: r \ - o 
10 34. A" set *bf ^support partieles^ used ^in Combinatorial Chemistry Techniques 
substantially as herein, with J referehce. tQ and as illustrated In any 

combination of Figures 2 to 7 Inclusive. ^ . 

35. A Combinatorial library substantially as herein described with referenc to 
arid as illustrated in any combiriation of hgures 2 to 7 inclusive. 
15 36. A rhtethod 'Of' building ahd^deco Combinatorial Chemical library 

Substantially as herein described with reference to and as illustrated in any 
combination of Figures 2 to 7 inclusive 
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